In continuation of earlier experiments (Harrison 1937) in which the thermal diffusion in radon-hydrogen and radon-helium mixtures was measured, the thermal diffusion of mixtures of radon-neon and radon-argon has now been studied. The mean value obtained for the ratio of the proportion by volume of radon on the cold side at 0° C to that on the hot side at 100° C, after thermal diffusion, was 1-074 for radon-neon mixtures, and 1-008 for radon-argon m ix tures.
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In order to calculate the repulsive force field, between these two pairs of molecules, the present results were combined with measurements of ordinary diffusion of radon into neon and radon into argon (Hirst & Harrison 1939) , and viscosity determinations at various temperatures of neon and argon (Trautz & Binkele 1930) . The special theory, due to Chapman (1929) , of thermal diffusion of a rare constituent in a binary mixture was used to derive
The values obtained for the repulsive force field between the dissimi1n,r molecules at collision were: 
I ntroduction
The repulsive force, F12, between two dissimilar molecules may be represented by tb equation
where s12 is the repulsive force index between the dissimilar molecules, d is the distance between the molecules which are regarded as point centres of repulsive force, and K 12 is the repulsive force constant between these molecules. In a special theory of thermal diffusion, Chapman (1929) has shown th a t when one component of a binary gas mixture is rare, may be determined from thermal diffusion measurements for the mixture and the coefficient of viscosity of the lighter gas at various temperatures, together with the coefficient of diffusion of the two gases.
An account of an experimental study of thermal diffusion of radon-hydrogen and radon-helium mixtures in which radon was the rare and heavy constituent has already been given (Harrison 1937) . The variation of the viscosity of hydrogen and helium over a wide range of temperature was known, bu t no experimental values of the coefficient of diffusion of radon into hydrogen or helium were available. Approxi mate values of these coefficients were therefore calculated from a formula given by Chapman (1918) . Owing to uncertainty in the accuracy of these calculated values, only s12 was evaluated for radon-hydrogen and radon-helium molecules, K 12 being much more sensitive than s12 to an error in the coefficient of diffusion. Experimental values for the coefficient of diffusion of radon into hydrogen, helium, neon and argon were later obtained by H irst & Harrison (1939) , who were thus able to derive the repulsive force between radon-hydrogen and radon-helium molecules.
Experiments on the thermal diffusion of radon-neon and radon-argon mixtures have now been completed. These experimental results have been combined with the diffusion measurements for these pairs of gases, and with the viscosity a t various temperatures for neon and for argon (Trautz & Binkele 1930) , to give the repulsive force between radon-neon and radon-argon molecules. Confirmation is thus obtained of the extremely 'soft' nature of the radon molecule, and it is shown th a t radonargon molecules provide a close approach to Maxwellian molecules, for which there would be no thermal separation.
These measurements give information on the molecular field of radon which is particularly valuable, as it cannot be obtained directly in the usual way from vis cosity measurements or an equation of state owing to the extremely small amount of gas available.
Modification of experimental method
In the earlier experiments (Harrison 1937 )* the radon mixtures were prepared by breaking a capillary tube containing a known amount of radon in the diffusion apparatus, and allowing about 15 hr. for the radon gas mixture to become uniform by the process of ordinary diffusion. I t has been shown (Hirst & Harrison 1939 ) th a t if the adhesion of radon to the walls of a glass apparatus is to be avoided under the conditions of these experiments, the period of contact of the radon with the glass must not be greater than 7 hr. In the case of hydrogen-radon and helium-radon mixtures, the therm al separations were relatively large, so th a t a small amount of adhesion of radon in the thermal diffusion apparatus had little effect on the experi mental results. The small thermal separations which were to be expected in the present experiments, however, especially when using radon-argon mixtures, made it necessary to avoid the long period of contact of radon with the walls of the diffusion apparatus. A capillary tube containing radon was therefore broken in neon or argon a t atmospheric pressure, in an auxiliary apparatus, and left overnight for the radon gas mixture to become uniform. This mixture was pu t into the diffusion apparatus just before an experiment began. I t will be shown th a t the necessary thermal diffusion data can be obtained w ithout knowing the amount of radon put into the diffusion apparatus.
The principle of the method of measuring the therm al separations was similar to th a t already described for radon-hydrogen and radon-helium mixtures (Harrison 1937) . As in these earlier experiments, the thermal diffusion apparatus consisted of a uniform, closed, glass tube 30 cm. long and of 1 cm. bore, divided into two parts by a wide-bore tap. The two parts formed the hot and cold sides of the apparatus. These two sides were also connected by means of a narrow capillary tube provided with a tap.
When the uniform gas mixture had been put into the diffusion apparatus, both taps were closed and one side was heated to 100° C and the other cooled to 0° C. This temperature difference was kept constant throughout the whole experiment. The tap in the capillary tube was opened for about 1 min. so th a t the pressures on the two sides could be equalized without any appreciable thermal separation taking place.
The gas apparatus was mounted throughout the experiment in front of a lead block provided with two apertures opposite the hot and cold sides, the one opposite the hot side being adjustable in width. The difference between the amounts of radon opposite the two apertures was found by observing the difference in the intensity of the y-radiation passing through the apertures, after the radon had come into equi librium with the products (Ra B and R a C), which produce y-rays. On the macro scopic scale of the present experiments, the solid products of radioactive change which were deposited on the walls of the diffusion apparatus were considered to be uniformly distributed. The difference in the y-ray intensities from the two apertures was measured when equilibrium was established, i.e. 4 hr. after any change in the distribution of radon in the apparatus.
The two apertures were of equal width a t the beginning of each experiment. After the pressure equalization but before thermal diffusion, the difference in the number of millicuries of radon in front of the equal apertures, n, was measured. This measure ment was carried out by comparing the difference in the y-ray activity from the apertures with the y-ray activity of a standard radium source. The radium source used was in the form of platinum needles and these were added to the hot side opposite the aperture in the lead block, so th a t the 7-ray intensity from the two apertures was approximately equal. The residual small difference in the 7-ray intensities from the apertures was then determined by observing the rate of drift of the electrometer system. The value of n is given by
where v2 is the effective volume of radon opposite each aperture, and ax and a2 are the number of millicuries of radon per c.c. on the hot and cold sides, after the pressure equalization. I f Tx and T2 are the absolute temperatures of the hot and cold sides respectively, then ai = Tz a2 Tx 7b so th a t a2v2 = -
The number of millicuries of radon opposite the aperture on the cold side, 2, was thus obtained.
After nh ad been measured, the radium source added to the hot side was removed, and the adjustable aperture was set a t such a width th a t the 7-ray intensities from the two apertures were equal. The wide-bore tap was now opened for 1 hr. so th a t thermal separation could take place. By measuring the difference q in the amounts of radon in front of the apertures after thermal diffusion, a direct determination was made of the thermal separation. In this way, the duration of contact of radon with the walls of the diffusion apparatus was reduced to about 7 hr.
Calculation of results
Using the same nomenclature as in the original account (Harrison 1937, p. 85) , let x be the number of millicuries of radon per c.c. which thermally diffuse from the hot side of volume Vx, to the cold side of volume V2. I f vx is the effective volume of the aperture on the hot side after the adjustm ent in width of this aperture, then
The ratio of the proportion by volume of radon on the cold side to th a t on the hot side after thermal diffusion is given by i+£5 a ,? ,
As the effective amounts of radon opposite the two apertures were balanced after the pressure equalization by widening the aperture on the hot side, axvx = a2v2, where ax/a2 = T2/Tx
In the earlier experiments (Harrison 1937) , the original proportion by volume cx of radon in the diffusion apparatus was known, and vx, v2 and a2v2 were measured. The values of ax and a2 could therefore be calculated and r was derived from formula (1). In the present experiments q and a2v2 were obtained in the course of each experiment and r was calculated from formula (2). The necessary thermal diffusion data were thus obtained without knowing the amount of radon put into the diffusion apparatus.
R esults
In all the experiments, the original pressure of the mixtures was 1 atm ., Tx -100° C, T2 -0° C and Vx/V2 = 1*16. The results are shown in table 1, in which cx is the approxi mate relative proportion by volume of radon in the original gas mixture. This is only given to show th at cx was very small in these experiments. 
0-120
The values of r obtained for radon-neon and radon-argon mixtures are smaller than the value obtained in the case of helium-radon mixtures (1*221) (Harrison 1937) . There is a progressive decrease in ra s a heavy lighter one in a radon mixture. Since r increases wit separation, it follows th at this result is in agreement with th a t obtained in this laboratory by Atkins, Bastick & Ibbs (1939) using binary mixtures of the first five inert gases. This general agreement is striking, since the results for radon mixtures were derived by an entirely different experimental method. I t will be seen th a t r is nearly unity for radon-argon mixtures, which means th a t the thermal separation is extremely small, and radon-argon molecules are therefore a close approach to Maxwellian molecules for which r would be unity. Indeed, radonargon molecules are the closest approach to the Maxwellian case yet studied experi mentally. Chapman (1929) has shown th at if c1 is the proportion by volume of the rare and heavy constituent of a gas mixture, and c2 is the proportion by volume of the second constituent such that c1 + c2 = 1, the equation which determines the steady dis tribution when the absolute temperature T varies in the direction of x is approxi mately
Calculation of the field of force between radon-neon and radon-argon molecules
where a is a function of T, s12, and s2, the repulsive force index between the lighter, plentiful molecules. If
Mx is the molecular weight of the rare component of the mixture and M2 the molecular weight of the other component, then if M2/Mx and cx are both very small, a relatively sipaple expression may be derived for the first approximation to a, a(l). This expression is given in the earlier paper (Harrison 1937) . In the present gas mixtures, however, M is not expression has to be used for a( 1). In one or two special cases only can this expression be reduced to a manageable form. One of these cases is when cx 0. In this case, the equation for a(l) when the molecules are supposed to possess spherical symmetry is
th e nomenclature being the same as that used by Chapman (1929) . The values of / depend only on the mass ratio between the molecules, while those of a may be calculated from formulae given by Chapman *(1929) if s2 is known. I t is also shown by Chapman (1929) th at
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where /? is a constant for a given pair of molecules, which is given by
If the molecular weights of both gases are known, together w ith the coefficient of diffusion of these gases, and the coefficient of viscosity of the plentiful constituent a t various tem peratures, equations (3), (4) and (5) m ay be combined to give the repulsive force index, < s12.
When sX2 has been calculated, the repulsive force constant between the dissimilar molecules, K x2, may also be evaluated. The theoretical formulae necessary fo calculation are summarized in the paper by H irst & H arrison (1939) . Thus, the repulsive force between the dissimilar molecules, FX2, may be obtained.
For the purpose of this calculation, the following d ata were used.
(1) Neon-radon mixtures
The coefficient of viscosity of neon was taken as 308 x 10-6 c.g.s. unit a t 15° C (Trautz & Binkele 1930) , and the repulsive force index as 13*5. The coefficient of diffusion of radon into neon as determined by H irst & H arrison (1939) was 0-217 cm.2 sec.-1 a t 15° C and 76 cm. mercury. The mean value of r for radon-neon m ixture8 from the present experiments is 1-074, while Mx = 20-2 and = 222.
(2) Argon-radon mixtures The coefficient of viscosity of argon was assumed to be 218 x 10-6 c.g.s. unit a t 15° C (Trautz & Binkele 1930) , and the repulsive force index s2 -7-4. The value 0-092 cm.2 sec.-1 a t 15° C and 76 cm. mercury was used for the coefficient of diffusion of radon into argon (Hirst & Harrison 1939) , and the mean value of r for radon-argon mixtures obtained from the present measurements is 1-008.
-39-8. The following values were obtained for Fx2:
Fx 2( neon-radon) = 1-9 x 10-51d-61 = d0 = 4-8 x 10-9;
FX 2( argon-radon) = 2-1 x 10-43d-51 = (d/d0)-51, d0 = 4-3 x 10-9;
d being the distance between the point centres of repulsive force and d0 the value of d a t which Fx2 is 1 dyne.
D iscussion
Atkins et al. (1939) have given an account of the measurement of therm al diffusion in binary mixtures of helium, neon, argon, krypton and xenon. By application of the theory of thermal diffusion developed by Chapman (1918) , in which neither component of the mixture is rare, the repulsive force index sx2 has been evaluated for each pair of molecules. An abstract of the values obtained for s12 and the corre sponding values obtained for radon mixtures is given in table 2. I t will be seen from the table th a t the effect of substituting a heavier monatomic molecule in any binary combination is to reduce the index of repulsive force, as pointed out by Atkins et al. (1939) . The results of the present experiments confirm th at radon fits into this scheme by giving the lowest value of s12 in each of the three series.
T able 2. s12 for b in a r y m ixt u re s of th e in e r t gases AT ORDINARY TEMPERATURES gas m ixture S12 gas m ixture *12 gas m ixture *12 H e -N e 11-4
H e -A 9-0 N e -A 7-9
--H e -K r 8-7 N e -K r 7-6 A -K r 5-7 H e -X 8-3 N e -X 7 0 A -X 5-6 H e -R n 6*5 N e -R n 6 1 A -R n 5 1
A comparison of the values of or s2 deduced from viscosity measurements on simple gases with the values of s12 obtained from thermal diffusion experiments, in which neither corhponent is rare, shows th at the values of s12 obtained from diffusion are generally lower than would be expected from viscosity measurements. Grew (1941) has shown th a t this disparity is due to an approximation which has to be used in order to derive < s12 from the thermal diffusion measurements. Using an isotopic mixture of hydrogen and deuterium, Grew was able to avoid this approximation (because of the simpler force fields between the different molecules), and he then obtained agreement between the repulsive force index derived from thermal dif fusion measurements and th a t obtained from viscosity. The values of <s12 derived by Atkins et al. for binary mixtures of the inert gases given in table 2 are therefo probably too small, the error in the higher values of s12 being greater than in the smaller ones. The present results obtained for radon mixtures are independent of the assumption which is necessary in the general case of a mixture in which neither component is rare. Hence the values of s12 for radon mixtures still remain the smallest in each group and the general scheme shown in table 2 is not affected.
In view of the close approach of radon-argon molecules to the Maxwellian case (s12 = 5, r = 1), it would be of special interest to make thermal diffusion measure ments for radon-krypton and radon-xenon mixtures. I t is possible th a t «s12 may be less than 5 for these pairs of molecules, and we should then expect the therm al separations to be reversed, the heavier gas tending to move to the hot side.
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